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 
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1RWHWKDWWKLVPHWKRGGRHVQRWDFFRXQWIRUWKHSUREDELOLW\RIRFFXUUHQFHDQG8LQSVLLVWKHUDLOVXSSRUW
PRGXOXVGHULYHGE\WKHUHODWLRQS 8Â\8 ȡƐDQG
       

DQGWKHPD[LPXPUDLOVHDWORDG5PD[RQDQLQGLYLGXDOVOHHSHULVJLYHQE\WKHIROORZLQJHTXDWLRQ 
           
           

*LDQQDNRV0HWKRG
7KHDFWLRQVRQWKHWUDFNSDQHODUHFDOFXODWHGWKURXJKWKHIROORZLQJHTXDWLRQ*LDQQDNRVHWDOG
 

ZKHUH4ZK WKHVWDWLFZKHHOORDG4Į WKHORDGGXHWRFDQWGHILFLHQF\$ࡄ G\Q G\QDPLFFRHIILFLHQWRI
WKH VOHHSHU UHDFWLRQ ȝ   FRHIILFLHQW RI G\QDPLF ORDG  IRU D SUREDELOLW\   DQG  IRU  
ıǻ5160   WKH VWDQGDUG GHYLDWLRQ RI WKH G\QDPLF ORDG GXH WR QRQ VXVSHQGHGPDVVHV ıǻ560   WKH
VWDQGDUGGHYLDWLRQRIWKHG\QDPLFORDGGXHWRVXVSHQGHGPDVVHVDQG*LDQQDNRV

  


ZKHUHK75WKHWRWDOG\QDPLFVWLIIQHVVRIWKHWUDFNJLYHQE\*LDQQDNRVHWDOG

 

7KLVPHWKRGXVHV L WKHG\QDPLFFRHIILFLHQW$ࡄ G\QDP IRU WKHGLVWULEXWLRQRI WKH VWDWLFDQGVHPLVWDWLF
FRPSRQHQWVRIWKHORDGDQGLLWKHG\QDPLFFRPSRQHQWRIWKHORDGLVQRWGLVWULEXWHGWRWKHDGMDFHQW

&RPSDULVRQRIWKHRUHWLFDOFDOFXODWLRQRIVOHHSHUORDGLQJZLWKWUDFNREVHUYDWLRQV
,Q*UHHFHEHWZHHQDQGWZLQEORFNFRQFUHWHVOHHSHUVRI)UHQFKWHFKQRORJ\ZHUHH[FOXVLYHO\
XVHG QDPHO\ 9DJQHX[ 8 8 ZLWK 51 IDVWHQLQJV IRU WUDFNV GHVLJQHG IRU 9PD[    NPK DQG
WHPSRUDU\RSHUDWLRQDO VSHHG9RSHU NPK([WHQGHGFUDFNLQJZDVREVHUYHGDWDSHUFHQWDJHRI
PRUHWKDQRIWKH88VOHHSHUVODLGRQWUDFN7KHPHWKRGVFLWHGLQWKHLQWHUQDWLRQDOOLWHUDWXUHDW
WKDWWLPH)UHQFK*HUPDQ$PHULFDQGLGQRWSURYLGHDQ\VDWLVIDFWRU\MXVWLILFDWLRQIRUWKHDSSHDUDQFHRI
WKH FUDFNV UHVXOWLQJ LQ PXFK ORZHU YDOXHV RI DFWLRQV RQ VOHHSHUV WKDQ WKH FUDFNLQJ WKUHVKROG WKXV
SUHGLFWLQJ QR FUDFNLQJ DW DOO  $IWHU DQ H[WHQVLYH UHVHDUFK WKDW LQFOXGHG FROODERUDWLRQ DPRQJ YDULRXV
XQLYHUVLWLHV DQG UDLOZD\ RUJDQL]DWLRQV LQ (XURSH WKH *LDQQDNRV PHWKRG ZDV GHYHORSHG ZKRVH
UHVXOWV VXFFHVVIXOO\ SUHGLFWHG WKH H[WHQGHG FUDFNLQJ RI WKH 88 VOHHSHUV *LDQQDNRV  E
D*LDQQDNRV	/RL]RV G FDOFXODWLQJDFWLRQVRYHU WKHFUDFNLQJ WKUHVKROGDQG LQ VRPHFDVHV
RYHU WKH IDLOXUH WKUHVKROG 7KLV PHWKRG ZDV GHULYHG IURP WKHRUHWLFDO DQDO\VHV PHDVXUHPHQWV IURP
ODERUDWRU\ WHVWVSHUIRUPHG LQ*UHHFH$XVWULD)UDQFHDQG%HOJLXPDQGREVHUYDWLRQVIURPUHDORQWUDFN
H[SHULHQFH7KHPHWKRGZDVDOVRFDOLEUDWHGIRUWKHFDOFXODWLRQRIORDGVRQEDOODVWOHVVWUDFNV\VWHPVDQG
WKH UHVXOWV ZHUH YHULILHG DJDLQVW PHDVXUHPHQWV RQ 6ODE 7UDFN  0RUHRYHU ,QWHUQDWLRQDO )HGHUDWLRQ RI
&RQFUHWHILEKDVDGRSWHGWKLVPHWKRGIRUSUHFDVWFRQFUHWHUDLOZD\WUDFNV\VWHPVILE

727$/75$&.67,))1(667+(25(7,&$/&$/&8/$7,21960($685(0(176
7KHORDGDSSOLHGRQWKHWUDFNLVGHSHQGHQWRQWKHWRWDOWUDFNVWLIIQHVVȡWRWDO$UDQJHRIEDOODVWHGWUDFN
WRWDO VWLIIQHVVYDOXHVȡWRWDO LV XVHG IRU GLIIHUHQW FRPELQDWLRQVRI UDLOZD\ WUDFN OD\HUVHOHPHQWV DQG WKHLU
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ȡVXEVWUXFWXUH >N1PP@
6ODE7UDFN%DOODVWHG 7UDFN
=ZS  =Z ȡVXEVWU  N1PP
ȡVXEVWU  N1PP ȡVXEVWU  N1PP ȡVXEVWU N1PP
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ȡVXEVWUXFWXUH >N1PP@
6ODE7UDFN%DOODVWHG7UDFN
=ZS =Z ȡVXEVWU N1PP
ȡVXEVWU N1PP ȡVXEVWU N1PP ȡVXEVWU N1PP
ȡSDGG\QDP=Z ȡSDGG\QDP=Z
ȡSDGG\QDP =Z 
FRUUHVSRQGLQJ SDUDPHWHUV GHULYHG IURP PHDVXUHPHQWV
 GDWD RI WKH *HUPDQ 5DLOZD\V $OLDV 
*LDQQDNRVDVȡUDLO UDQJLQJIURPWRN1PPZLWKDQDYHUDJHRI N1PP
ȡVOHHSHU UDQJLQJIURP WRN1PPIRURDNZRRGHQVOHHSHUDQG  WRN1PPZLWKDQ
DYHUDJHRIN1PPIRUDFRQFUHWHVOHHSHUȡEDOODVWLQWKHRUGHURIN1PPIRU³SROOXWHG´EDOODVW
\HDUVDIWHUOD\LQJȡVXEVWUXFWXUHUDQJLQJIURPLWRN1PPIRUSHEEO\VXEJUDGHZLWKDQDYHUDJHRI
N1PPLLWRN1PPLQWKHFDVHRIIUR]HQEDOODVWDQGJURXQGDQGLLLRQWKHRUGHURI
N1PPIRUWKHFDVHRIDEDOODVWEHGRIVPDOO WKLFNQHVVODLGRQWKHFRQFUHWHEDVHRIDWXQQHORUDEULGJH
GHFN 7KH SDG VWLIIQHVV ȡSDG SOD\V D NH\ UROH LQ WKH ORDGLQJ RI WKH VOHHSHU DQG LWV YDOXH LV W\SLFDOO\
HVWLPDWHG IURP WKH ORDGGHIOHFWLRQ FXUYH WKDW LV SURYLGHG E\ WKH PDQXIDFWXUHU XVLQJ D WULDODQGHUURU
PHWKRG*LDQQDNRV

7DEOH5HODWLRQEHWZHHQEDOODVWFRHIILFLHQW&DQGVWLIIQHVVFRHIILFLHQWȡLQDOLQHHTXLSSHGZLWKUDLOV8,&DQG
PRQREORFNVOHHSHUVRISUHVWUHVVHGFRQFUHWH%DQGFRQFUHWHVODE
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
)LJ5HODWLRQEHWZHHQDWRWDOVWDWLFVWLIIQHVVFRHIILFLHQWȡWRWDOOHIWLOOXVWUDWLRQRUWRWDOG\QDPLFVWLIIQHVVFRHIILFLHQWK75$&.ULJKW
LOOXVWUDWLRQDQGEVWDWLFVWLIIQHVVFRHIILFLHQWRIVXEVWUXFWXUHȡVXEVWUXFWIRUUHVLOLHQWIDVWHQLQJ:LQWKHEDOODVWHGWUDFNDQG:
IDVWHQLQJLQWKHVODEWUDFN7KHUHOHYDQWSDGVWLIIQHVVLQERWKFDVHVDQGLWVLQIOXHQFHLQWKHPRGXODWLRQRIȡWRWDODUHGHSLFWHG

)RUWKH6ODE7UDFN7DEOHFDQEHXVHGWRGHWHUPLQHWKHVWLIIQHVVRIWKHVXEJUDGHȡVXEVWUXFWXUH*LDQQDNRV
HWDOE2QWKHVDPHWDEOHVXEVWUXFWXUH
VVWLIIQHVVYDOXHVDUHDOVRSURYLGHGIRUWKHEDOODVWHGWUDFNIRU
GLIIHUHQWEDOODVWFRQGLWLRQV)RUWKHEDOODVWOHVVFDVHWKHFODVVLF5KHGDW\SHVODEWUDFNZDVXVHG)LJXUH±
ULJKW7KHGDWDRQ7DEOHYHULI\*LDQQDNRVDWKHOLQHDUUHODWLRQEHWZHHQVXEVWUXFWXUH
VVWLIIQHVV
ȡVXEVWUXFWXUHDQGEDOODVWFRHIILFLHQW&ZKLFKLVȡVXEVWUXFWXUH &ջ)*LDQQDNRVEZKHUH)LVWKHDFWLYH
VHDWLQJVXUIDFHRIWKHVOHHSHU) FP$FFRUGLQJWR(LVHQPDQQHWDOLQVLWXPHDVXUHPHQWV
 %HDULQJ&DSDFLW\RI6XEVWUXFWXUH
%DOODVWHG7UDFN %DOODVWOHVV7UDFN
SRRU JRRG YHU\JRRG &RQFUHWHVODE
&>1PP@      
ȡVXEVWUXFWXUH>N1PP@      
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ȡVXEVWU N1PP ȡVXEVWU N1PP
/HQJWKP%DOODVWHG /HQJWKP7UDQVLWLRQ
7UDFNVHFWLRQ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ȡVXEVWU N1PP ȡVXEVWU N1PP
/HQJWKP%DOODVWHG /HQJWKP7UDQVLWLRQ
7UDFNVHFWLRQ6ODE 7UDQVLWLRQ %DOODVWHG>P@'\
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7UDQVLWLRQ=RQHP
%DOODVW6ODE7UDFN
LQWKH1HZO\&RQVWUXFWHG/LQHVLQGLFDWHYDOXHVRI& 1PPLPSO\LQJDWRWDOWUDFNVWLIIQHVVRI
N1PP
7KUHH RXW RI WKH ILYH OD\HUV WKDW FRQVWLWXWH WKH WUDFN VWUXFWXUH QDPHO\ WKH UDLO WKH VOHHSHU DQG WKH
EDOODVWFRQWULEXWHRQO\WRWRWKHWRWDOWUDFNVWLIIQHVV7KHWRWDOWUDFNVWLIIQHVVLVPDLQO\DIIHFWHGE\
WKH VWDWLF VWLIIQHVV FRHIILFLHQWV RI WKH SDG ȡSDG DQG RI WKH VXEVWUXFWXUH ȡVXEVWUXFW )LJXUH  GHSLFWV WKH
UHODWLRQ EHWZHHQ WKH VWDWLF VWLIIQHVV FRHIILFLHQW RI WKH VXEVWUXFWXUH DQG OHIW LOOXVWUDWLRQ WKH WRWDO VWDWLF
VWLIIQHVVFRHIILFLHQWRIWKHUDLOZD\WUDFNIRUERWKEDOODVWHGDQGEDOODVWOHVVWUDFNVDQGULJKWLOOXVWUDWLRQWKH
WRWDOG\QDPLFVWLIIQHVVFRHIILFLHQWRIWKHWUDFN7KHUHOHYDQWSDGVWLIIQHVVLQERWKFDVHVLVGHSLFWHGDQGLWV
LQIOXHQFHLQWKHPRGXODWLRQRIȡWRWDO$VVKRZQLQ)LJXUHWKHWRWDOVWDWLFVWLIIQHVVFRHIILFLHQWIRUWKHFDVH
RIEDOODVWHGWUDFNYDULHVIURPWRN1PP2QWKHFRQWUDU\WKHWRWDOVWDWLFVWLIIQHVVFRHIILFLHQW
RIWKHEDOODVWOHVVWUDFNHTXLSSHGZLWKDYHU\UHVLOLHQWIDVWHQLQJREWDLQVYDOXHVZLWKLQDYHU\QDUURZUDQJH
EHWZHHQDQGN1PP,WLVLPSRUWDQWWRQRWHWKDWDOWKRXJKWKHVODEWUDFNLVDPXFKPRUHULJLG
VWUXFWXUHWKDQWKHEDOODVWHGWUDFNWKHWRWDOVWDWLFWUDFNVWLIIQHVVRIVODEWUDFNLVWRORZHUWKDQLQ
EDOODVWHGWUDFNVWLIIQHVV,QEHORZPRUHPHDVXUHGYDOXHVRQWUDFNDUHFLWHG7KHVWLIIHUWKHVXEVWUXFWXUH
LVWKHPRUHGHFLVLYHLVWKHFRQWULEXWLRQRIWKHSDGVWLIIQHVVWRWKHWRWDOWUDFNVWLIIQHVVPRGXODWLRQ

67,))1(66$1'$&7,2169$5,$7,21$/21*7+(75$&.6/$%75$16,7,21
%$//$67('
7KHUHJXODWLRQVIRUHVHHVDWUDQVLWLRQ]RQHEHWZHHQEDOODVWHGDQGVODEWUDFNRIDOHQJWKWKDWLWLVWUDYHOOHG
LQ  VHFRQG E\ WKH WUDLQ UXQQLQJ DW WKHPD[LPXP SHUPLVVLEOH VSHHG HJ  NPK RU PVHF
FRQVHTXHQWO\WUDQVLWLRQ]RQHRIP,QWKHFDVHRI6ODE7UDFNDYHU\ZHOOFRPSDFWHGDQGFRQVWUXFWHG
VXEVWUXFWXUH LV GHPDQGHG LQ RUGHU WR DYRLGRUPLQLPL]H WKHSHUPDQHQW VXEVLGHQFH DQG WKLV LPSOLHV D
VWLIIQHVVFRHIILFLHQWȡVXEVWUXFWXUH N1PPIRUWKHWRWDOOHQJWKLQEDOODVWHGWUDQVLWLRQDQGVODEWUDFN
*LDQQDNRV HW DO E ,Q D VHFWLRQ RI WUDFN OHW
V VD\ RI P OHQJWK HJ P EDOODVWHG P
WUDQVLWLRQDQGPVODEWUDFNWKHVWDWLFDQGG\QDPLFVWLIIQHVV
VYDULDWLRQDORQJWKLVVHFWLRQRIWUDFNLV
GHSLFWHGLQ)LJXUHWDNLQJLQWRDFFRXQWWZRGLVFUHWHYDOXHVRIȡVXEVWUXFW DQGN1PPFRQVLGHUHGDV
WKHPRUHUHSUHVHQWDWLYH7KHYDOXHVRIȡWRWDOKDYHEHHQUHFHLYHGIURPWKHUHOHYDQWGLDJUDPVLQ*LDQQDNRV
HWDOE














)LJ6WLIIQHVV
VYDULDWLRQDORQJDPWUDFNVHFWLRQ6ODEODVWP7UDQVLWLRQPIRU9PD[ NPK%DOODVWHGODVW
PIRUWKHWZRPRUHFKDUDFWHULVWLFYDOXHVȡVXEVWUXFWDQGN1PPOHIWWKHVWDWLFVWLIIQHVVȡWRWDODQGULJKWWKHG\QDPLF
VWLIIQHVVȡWRWDOG\QDP K75$&.

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)RUWKHDFWLRQVUHDFWLRQVRQWKHWUDFNSDQHODWHDFKVXSSRUWSRLQWRIUDLOIDVWHQLQJV
SRVLWLRQRUVOHHSHU
WKH IRXUPHWKRGV IRU WKH HVWLPDWLRQRI ORDGVRQ UDLOZD\ WUDFNSUHVHQWHG DERYHZHUHSURJUDPPHG LQ D
FRPSXWHUFRGHDQGSDUDPHWULF LQYHVWLJDWLRQVZHUHSHUIRUPHGE\YDU\LQJ WKH WRWDO VWDWLF WUDFN VWLIIQHVV
ȡWRWDO7KLVPHWKRGRORJ\ZDVDSSOLHGIRUVODEWUDFNWUDQVLWLRQ]RQHEDOODVWHGWUDFNDVVXPLQJPD[LPXP
D[OHORDGN1PD[LPXPRSHUDWLRQDOVSHHGNPKPL[HGWUDIILFRISDVVHQJHUDQGIUHLJKWWUDLQV
1RQ6XVSHQGHG 0DVVHV  N1ZKHHO 8,&  UDLO  NJP PD[LPXP FDQW GHILFLHQF\  PP
GLVWDQFHRIWKHYHKLFOH¶VFHQWUHRIJUDYLW\IURPWKHUDLOUXQQLQJWDEOHPDYHUDJHFRQGLWLRQRIWKHUDLO
UXQQLQJ WDEOH ZLWK FRUUHVSRQGLQJ FRHIILFLHQW N  IRU PRUH GHWDLOV VHH *LDQQDNRV HW DO G DQG
*LDQQDNRV E DQG ZKHHO GLDPHWHU P  LQ )RU WKH VODE WUDFN : IDVWHQLQJV ZHUH
FRQVLGHUHG FRQVLVWLQJRI D FRPELQDWLRQRI WZR UDLO SDGV=ZS DQG=ZD)RU WKHEDOODVWHG WUDFN
:IDVWHQLQJZLWKSDG=Z6DDUJXPPLZDVFRQVLGHUHG)RU WKH WUDQVLWLRQ]RQHRIPGLYLGHG LQ
WKUHH VXEVHFWLRQV RI HTXDO OHQJWK aP WKUHH WUDQVLWLRQ SDGV ZHUH FRQVLGHUHG DOO RI WKHP
6DDUJXPPL=Z=ZDQG=Z7KHVWDWLFSDGV
VWLIIQHVVȡSDGZHUHFDOFXODWHGIURP
WKHORDGGHIOHFWLRQFXUYHRIHDFKSDGDVVXPLQJHTXLOLEULXPEHWZHHQWKHILYH³VSULQJV´RIWKHWUDFNDQG
XVLQJWKHWULDODQGHUURUPHWKRG7KHFRUUHVSRQGHQWDFWLRQVRQWUDFNSDQHOZHUHFDOFXODWHGDFFRUGLQJWR
WKHIRXUPHWKRGVIRUWKHPRUHFKDUDFWHULVWLFYDOXHRIȡVXEVWUXFWXUH N1PPDQGWKHUHVXOWVDUHSORWWHGLQ
)LJXUH



















)LJ9DULDWLRQRI$FWLRQVRQWKHWUDFNSDQHODORQJDPWUDFN
VVHFWLRQIRUȡVXEVWUXFWXUH N1PP6ODEZLWK:=Z
7UDQVLWLRQ=RQH:FOLSWKUHHW\SHVRISDGV=Z=ZDQG=Z%DOODVWHG:FOLS=Z
6DDUJXPPL7KHYDOXHVRIWKHDFWLRQVKDYHEHHQFDOFXODWHGZLWKIRXUPHWKRGVFLWHGLQWZRHTXDWLRQVFLWHGLQ*HUPDQOLWHUDWXUH
WKHROG*HUPDQPHWKRGDQG(LVHQPDQQ)UHQFKOLWHUDWXUH$5(0$DQG*LDQQDNRV

7KH HPEHGGHG WUDFN JLYH YHU\ ORZ DFWLRQV RQ WUDFN FRPSDUHG WR WKH VODE DQG EDOODVWHG KLJKVSHHG
WUDFNVGXHWRWKHYHU\ORZVSHHGVFRQVHTXHQWO\WKHUHVXOWVDUHQRWSUHVHQWHGLQWKHILJXUHVVHH*LDQQDNRV
D 7KH IROORZLQJ PDLQ SRLQWV DUH QRWHZRUWK\ D ,Q DOO VHFWLRQV VODE  WUDQVLWLRQ  EDOODVWHG
*LDQQDNRV  PHWKRG SUHGLFWV KLJKHU ORDGV RQ WKH VXSSRUW SRLQWV WKDQ WKH RWKHU WKUHH PHWKRGV
SUHVHQWHG LQ WKLV SDSHU 7KLV LV EHFDXVH WKH VWDWLF FRPSRQHQW RI WKH WRWDO ORDG DFWLQJ RQ WKH VOHHSHU LV
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GHULYHGIURPDGLVWULEXWLRQWKURXJKWKHƖG\QDQGDSUREDELOLW\RIRFFXUUHQFHLVXVHGIRUWKHLQFUHDVH
RI WKH G\QDPLF FRPSRQHQW RI WKH ORDG QRW GLVWULEXWHG WR WKH DGMDFHQW VOHHSHUV E WKH ORDGV RQ WKH
VXSHUVWUXFWXUHRIWKHVODEWUDFNDUHORZHUWKDQLQWKHFDVHRIWKHEDOODVWHGWUDFNHYHQWKRXJKWKHIRUPHULVD
PRUHULJLGV\VWHPGXHWRWKHKLJKHUHODVWLFLW\PLQRUVWLIIQHVVFRHIILFLHQWRIWKHUHOHYDQWIDVWHQLQJVDQG
SDGV F WKH WRWDO VWLIIQHVVRI WUDFN ERWK VWDWLF DQGG\QDPLF LV VPRRWKO\ FKDQJLQJ IURP ORZHU LQ VODE
WUDFNWRKLJKHUVWLIIHULQEDOODVWHGWUDFNWKURXJKWKHWUDQVLWLRQ]RQHDQGGWKHDFWLRQVUHDFWLRQVRQHDFK
VXSSRUW SRLQW RI WKH UDLO VOHHSHU RU IDVWHQLQJ  DUH DEQRUPDOO\ FKDQJLQJ IURP ORZHU LQ VODE WUDFN
LQFUHDVLQJ LQ WUDQVLWLRQ]RQHDQG WKHQ ORZHULQJ LQEDOODVWHG WUDFN 7KHGSRLQWVKRZV WRZDUGVDPRUH
DWWHQWLYHVFKHGXOLQJDQGGHVLJQRIWKHWUDQVLWLRQ]RQHHODVWLFLW\VWLIIQHVVDQGLQWKHFDVHRI*UHHNUDLOZD\
QHWZRUNZHSURSRVHGQRWWRXVH=ZSDGVRWRGLYLGHWKHWUDQVLWLRQ]RQHLQWZRHTXDOVHFWLRQVZLWK
WKHXVHRQO\RIWKH=ZDQG=ZSDGV
7KH DYHUDJH VWUHVV Sࡄ EDOODVW FDQ EH XVHG TXDOLWDWLYHO\ DV D ³GHFLVLRQ FULWHULRQ´ DQG QRW TXDQWLWDWLYHO\
VLQFHLQSUDFWLFHWKHUHLVQRXQLIRUPVXSSRUWRIWKHVOHHSHURQWKHEDOODVWRUXQLIRUPFRPSDFWLRQRI WKH
EDOODVWDQGWKHJURXQGWKHUHDUHIDXOWVRQWKHUDLOUXQQLQJWDEOHLPSHUIHFWLRQVRQWKHZKHHOVHWF

  


ZKHUH5PD[WKHPD[LPXPDFWLRQRQWKHVOHHSHUGHULYHGIURPHDFKPHWKRG)VOHHSHU HIIHFWLYHVOHHSHU
VHDWLQJVXUIDFH/VOHHSHU VOHHSHUOHQJWKH WUDFNJDXJH/HIIVOHHSHUFDOFXODWHGIURP(TXDWLRQZLWKWKH
DVVXPSWLRQWKDWWKHFHQWHURIWKHVOHHSHULVXQVXSSRUWHGEVOHHSHU VOHHSHUZLGWKDWWKHVHDWLQJVXUIDFH
  HIIVOHHSHU VOHHSHU/ /  H     
7KHPDLQLVVXHLVWKHGHWHUPLQDWLRQRIWKHFRQILGHQFHOHYHOSRVVLELOLW\RIRFFXUUHQFHLQFDOFXODWLRQ
RI WKH VWUHVVHV WKDW \LHOGV UHVXOWV FORVH WR WKHPHDVXUHG YDOXHV RQ WUDFN (LVHQPDQQ  SURSRVHV D
SUREDELOLW\RIRFFXUUHQFHIRU WKHVXEVWUXFWXUH  W DQG·IRU WKHVWUHVVRQEDOODVW
DQG DOVR D SUREDELOLW\ RI RFFXUUHQFH RI   WR  LQVWHDG RI  KDV EHHQ SURSRVHG DOVR
*LDQQDNRVD*LDQQDNRVHWDOF

&21&/86,216
,QWKLVSDSHUWKHVWDWLFDQGG\QDPLFVWLIIQHVV
VYDULDWLRQDQGWKHDFWLRQV
YDULDWLRQDWHDFKVXSSRUWSRLQW
RIWKHUDLOIRUWKHFDVHRIVODEWUDFNWUDQVLWLRQ]RQHEDOODVWHGWUDFNDUHSUHVHQWHG7KHHPEHGGHGWUDFN
SUHVHQWLQJ ORZHUYDOXHVRI DFWLRQV LV QRW SUHVHQWHG VLQFHEDOODVWHG DQG VODE WUDFNV DUHPRUHGHFLVLYH LQ
WUDFN
VGLPHQVLRQLQJ )RXUH[LVWLQJPHWKRGVDUHXVHG IRU WKHHVWLPDWLRQRI WKH ORDGVRQ WKH WUDFN WZR
HTXDWLRQVFLWHGLQ*HUPDQOLWHUDWXUHWKHROG*HUPDQPHWKRGDQG(LVHQPDQQWKH$5(0$)UHQFK
DQG *LDQQDNRV  PHWKRG 7KHVH PHWKRGV DUH XVHG WR FDOFXODWH WKH DFWLRQV ZLWK DSSURSULDWH
FRQILGHQFH OHYHOV DQG FRQVHTXHQWO\ WKH PHDQ VWUHVV RQ WKH VXEVWUXFWXUH FRXOG EH FDOFXODWHG VLQFH WKH
PHDQ VWUHVV DFWLQJ RQ WKH VXEVWUXFWXUH RI WKH UDLOZD\ WUDFN LV RQH RI WKH PDLQ IDFWRUV LQIOXHQFLQJ WKH
GLPHQVLRQLQJRIWKHOD\HUVWKHWUDFNDQGLWVEHKDYLRXURYHUWLPH$SDUDPHWULFLQYHVWLJDWLRQLVSHUIRUPHG
IRUWKHPRUHFKDUDFWHULVWLFWUDFNVWLIIQHVVDQGWKHUHVXOWVIURPWKHIRXUPHWKRGVDUHFRPSDUHG
5HIHUHQFHV
$OLDV-/DYRLHIHUUHH,,qPHHGLWLRQ(\UROOHV3DULV
$5(0$0DQXDOIRU5DLOZD\(QJLQHHULQJ
(LVHQPDQQ-'LH6FKLHQHDOV7UDJEDONHQ(LVHQEDKQLQJHQLHXU
(LVHQPDQQ-6FKRWWHUREHUEDX±0RJOLFKNHLWHQXQG3HUVSHNWLYHQIXUGLH0RGHUQH%DKQ
 PD[ PD[ PD[EDOODVW HII VOHHSHU HII VOHHSHU VOHHSHU VOHHSHU VOHHSHU
5 5 5S ) / E / H E 
     
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(LVHQPDQQ-/H\NDXI*0DWWQHU/9RUVOlJH]XU(UK|KXQJGHU2EHUEDXHODVWL]LWlW(75+
)DVWHQUDWK)ULW]5DLOURDG7UDFN7KHRU\DQG3UDFWLFH)UHGHULF8QJDU3XE&R1HZ<RUNSDUW7KH5DLODVVXSSRUW
DQG5RDGZD\WKHRUHWLFDOSULQFLSOHVDQGSUDFWLFDOH[DPSOHVE\-(LVHQPDQQ
ILE,QWHUQDWLRQDO)HGHUDWLRQRI&RQFUHWH3UHFDVWFRQFUHWHUDLOZD\WUDFNV\VWHPV
*LDQQDNRV .  D +HDY\ +DXO 5DLOZD\ 7UDFN0DLQWHQDQFH DQG 8VH RI 5HVLOLHQW YHUVXV 6WLII )DVWHQLQJV DSSURYHG WR EH
SXEOLVKHG LQ 755 $5 5DLOZD\0DLQWHQDQFH &RPPLWWHH:DVKLQJWRQ '& 86$  -DQXDU\  75% WK
$QQXDO0HHWLQJSURFHHGLQJV
*LDQQDNRV.7VRXNDQWDV66DNDUHOL$=RLV&E6FKZDQNXQJGHV6WHLILJNHLW]ZLVFKHQ)HVWHU)DKUEDKQXQG6FKRWWHUJOHLV
%HVFKULHEHQZLUGGLHSDUDPHWULVFKH$QDO\VHGHU6FKZDQNXQJGHV6WHLILJNHLWVIDNWRUV LPhEHUJDQJVEHUHLFK ]ZLVFKHQ)HVWHU
)DKUEDKQXQG6FKRWWHUJOHLV(,(LVHQEDKQLQJHQLHXU*HUPDQ\)HEUXDU\S
*LDQQDNRV.D,QWHUDFWLRQEHWZHHQ6XSHUVWUXFWXUHDQG6XEVWUXFWXUHLQ5DLOZD\VLQWKH)LIWK,QWHUQDWLRQDO&RQIHUHQFHRQ
5HFHQW $GYDQFHV LQ *HRWHFKQLFDO (DUWKTXDNH (QJLQHHULQJ DQG 6RLO '\QDPLFV DQG 6\PSRVLXP LQ KRQRU RI SURIHVVRU ,0
,GULVV6DQ'LHJR&$86$0D\SURFHHGLQJV
*LDQQDNRV .  E ³/RDGV RQ WUDFN %DOODVW )RXOLQJ DQG /LIHF\FOH XQGHU '\QDPLF /RDGLQJ LQ 5DLOZD\V´ -RXUQDO RI
7UDQVSRUWDWLRQ(QJLQHHULQJ$6&(9ROXPH,VVXH'HFHPEHUSS
*LDQQDNRV.7VRXNDQWDV6D7UDQVLWLRQ=RQHEHWZHHQ6ODE7UDFNDQG%DOODVWHG9DULDWLRQRI(ODVWLFLW\DQG,QIOXHQFHRQ
WKH$FWLQJ)RUFHV*UHHN'HSDUWPHQWRI&RQFUHWH0HPEHURI),%±5,/(0&RQIHUHQFH/LPDVVRO&\SUXV2FWREHU
3URFHHGLQJV
*LDQQDNRV.E6HOHFWHG7RSLFVRQ5DLOZD\V8QLYHUVLW\RI7KHVVDO\*UHHFH'HSDUWPHQWRI&LYLO(QJLQHHULQJ9RORV
*LDQQDNRV$/RL]RV$F $FWLRQVRQ5DLOZD\7UDFN3DQHODQG%DOODVW %HKDYLRURI WKH+HOOHQLF OLPHVWRQHEDOODVWWK
,QWHUQDWLRQDO &RQIHUHQFH RQ WKH %HDULQJ&DSDFLW\ RI 5RDGV5DLOZD\V DQG$LUILHOGV  -XQH ±  -XO\ &KDPSDLJQ8UEDQD
,OOLQRLV86$3URFHHGLQJV
*LDQQDNRV./RL]RV$G(YDOXDWLRQRIDFWLRQVRQFRQFUHWHVOHHSHUVDVGHVLJQORDGV±,QIOXHQFHRIIDVWHQLQJV,QWHUQDWLRQDO
-RXUQDORI3DYHPHQW(QJLQHHULQJ,-3(1RYHPEHU9ROXPH,VVXH-XQHSDJHV±
*LDQQDNRV.2EHUPH\HU3ODQHQ%HUDWHQ*PEK&DOFXODWLRQRI6WLIIQHVVFRHIILFLHQWVȡLQWKH7UDQVLWLRQ=RQHEHWZHHQ
6ODE7UDFNDQG%DOODVWHG7UDFN±6ODE7UDFN5KHGDW\SH'HVLJQRIWKH1HZ5DLOZD\7UDFNRI1RUPDO*DXJHLQWKH.LDWR
±NPSRVLWLRQ5RGRGDSKQHIRU(5*$26($WKHQV
*LDQQDNRV.$FWLRQVRQ5DLOZD\7UDFN3DSD]LVVLVSXEOLFDWLRQV$WKHQV(QJOLVKHGLWLRQZZZSDSD]LVLJU
+D\:5DLOURDG(QJLQHHULQJ-RKQ:LOH\	6RQV
/H\NDXI*0DWWQHU/  (ODVWLVFKHV9HUIRUPXQJVYHUKDOWHQ GHV(LVHQEDKQREHUEDXV ±(LJHQVFKDIWHQ XQG$QIRUGHUXQJHQ
(LVHQEDKQLQJHQLHXU
3UXG¶KRPPH$(ULHDX-/HVQRXYHOOHVWUDYHUVHVHQEHWRQGHOD61&)5*&)
7VRXNDQWDV6*LDQQDNRV.7RSLQW]LV7=RLV+6\VWHP5KHGDIURPWKHSRLQWRIYLHZRID6WUXFWXUDO(QJLQHHU±
WKH PRVW PRGHUQ HYROXWLRQ RI  VXSHUVWUXFWXUH WHFKQRORJ\ LQ 5DLOZD\ SURMHFWV  *UHHN 'HSDUWPHQW RI &RQFUHWH
$OH[DQGURXSROLV2FWREHU3URFHHGLQJV
7VRXNDQWDV 6   ,QYHVWLJDWLRQ RI 3UREOHPV FRQFHUQLQJ WKH 6ODE 7UDFN DSSOLFDWLRQ LQ *UHHFH LQ WXQQHOV SODLQ OLQH DQG
EULGJHV5HVHDUFK3URJUDPRI26((5*26(´$WKHQV
8,&,QWHUQDWLRQDO8QLRQRI5DLOZD\VILFKH8,&&RGH5(DUWKZRUNVDQGWUDFNEHGOD\HUVIRUUDLOZD\OLQHV

